Abstract. Amino acid analyses have been made of the insoluble protein, soluble peptide, and free amino acid fractions isolated from a series of fossil pecten shells of ages from the Pleistocene through the Jurassic.
Abstract. Amino acid analyses have been made of the insoluble protein, soluble peptide, and free amino acid fractions isolated from a series of fossil pecten shells of ages from the Pleistocene through the Jurassic.
The total amino acid content declines progressively with age of the fossil but, in contrast to oyster shells, only a small fraction of the initial protein is present in the Pleistocene and older specimens. Though the thermally less stable acids are depleted in the free acid fraction, this is not true for the insoluble proteins and peptides. Large amounts of free amino acids and peptides persist through the Pliocene, considerable quantities of peptide have been recovered from the Miocene specimens, and even the oldest fossils have retained analyzable amounts of all three fractions.
Determinations'-have been made of the free and total amino acids in a number of fossil shells, and of the residual protein in other specimens. We believe that maximum information will be gained by the simultaneous determination-of the free and combined amino acids; we have been performing such complete analyses of fossil shells of ages from the Pleistocene through the Jurassic. Preliminary results from a series of pecten shells chosen for the relative simplicity of their internal structure7 are described.
Methods. Specimens for analysis were thoroughly scrubbed with distilled water and, when necessary, surface layers were ground away. The shells were then crushed, and samples ranging in weight from 1-10 g were dissolved in 2 N HCl. Residual protein was present in the sediment, and free amino acids and peptide fragments in the acid solution. The sediment obtained by centrifugation was washed and hydrolyzed with 6 N HCl under nitrogen for 22 hr at 105'C. After any insoluble material was discarded, and vacuum evaporations to eliminate excess HC1, a measured amount of norleucine was added to serve as internal standard. The resulting aqueous solution of amino acids was passed through a Dowex 50 column to remove metallic cations, especially iron The 4 N NH40H eluate was vacuum dried to eliminate ammonia, to give the proteinaceous fraction I. Norleucine was added to the dissolved portion of the shell and calcium then removed by precipitation with hydrofluoric acid. The resulting supernatant was divided into two aliquots. One was directly hydrolyzed with 6 N HCl to furnish a fraction which, after vacuum evaporations to eliminate HCl and passage through the Dowex 50 column, contained the free amino acids plus those from soluble peptides (and soluble proteins if present). The other aliquot, after treatment with Dowex 50, gave the free amino acid fraction S(1). The difference between the amino acids in the two aliquots is the peptide fraction S(2). Each of the three final fractions, S(1), S(2), and I, was changed into volatile n-butyl-N-trifluoroacetic derivatives by the Table 2 . The large variation in these values found from specimen to specimen may reflect the different conditions under which they have been preserved; certain trends are, however, apparent. Thus, the total amino acid content declines steadily with age of the fossil. In the previously investigated Ostrea fossils,6 The detailed amino acid analyses of the oldest and one of the youngest among the fossil specimens of Table 2 are given in Table 3 . There are marked differ- ences in composition between the analyzed shells. These can only be interpreted after more specimens have been examined, but the data of this table illustrate several points. In all the fossils, the relative amounts of aspartic acid and serine in the protein fraction have been greatly reduced from those prevailing in the Recent pecten shell while the percentages of threonine, glutamic acid, proline, alanine, and the leucines have been increased. For the peptide fraction there have been very wide fluctuations in the aspartic and glutamic acid, glycine, and alanine contents, but many of the oldest fossils show considerable quantities of the thermally unstable threonine and serine. In contrast, little of these two acids appears in the free acid fraction; it must be concluded that they are much more stable in the combined state than after the protein has decomposed. The compositions of the protein and peptide fractions are often, though not invariably, similar, especially among the older fossils. The presence of so much peptide in specimens through the Miocene is especially important as indicating the feasibility of establishing amino acid sequences in the proteinaceous residues of these fossils.
The decline with age of total amino acid content demonstrated in Table 2 and the shifts in relative amounts of the three fractions emphasize the need to evaluate each of these fractions. Such analyses may provide a useful measure of the age of a fossil and the quality of its preservation. Confirmatory information about the latter can perhaps be obtained from measurements of the quantities of the unnatural amino acids that arise through decomposition of those initially present. Of these, allo-isoleucine results from a rearrangement of isoleucine, ornithine from arginine, 18-alanine from aspartic acid, and y-aminobutyric acid from glutamic acid. The last two commonly occur in small amounts in the proteinaceous residues from the older fossils, the first two infrequently. All four are found in the soluble fractions from most of the fossils but not in quantities that show a definite trend with age. The detailed account to be published of the present studies will incorporate results of analyses of the remaining fossils of Table 2 , as well as of others currently underway.
